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Abstract

Background and objectives: In Andalusia there were no studies including a representative sample of children and adolescent
population assessing growth and weight increase. Our objectives were to develop reference standards for weight, height and
BMI for the Andalusian pediatric population, from 3 to 18 years of age for both genders, and to identify the final adult height in
Andalusia.

Subjects and methods: Two samples were collected. The first included individuals from 3 to 18 years of age (3592 girls and
3605 boys). They were stratified according type of study center, size of population of origin, age (32 categories of 0.5 years) and
gender, using cluster sampling. Subjects from >18 to 23 years of age (947 women and 921 men) were sampled in 6 non-university
educational centers and several university centers in Granada. Exclusion criteria included sons of non-Spanish mother or father,
and individuals with chronic conditions and/or therapies affecting growth. Two trained fellows collected the data through
February to December 2004, for the first sample, and through January to May 2005, for the second.

Reference curves were adjusted using Cole's LMS method, and the quality of the adjustment was assessed using the tests
proposed by Royston. In addition, a sensitivity analysis was applied to the final models obtained.

Results: Data for 9065 cases (4539 women and 4526 men) were obtained; 79.39% (n = 7197) in the up to |18 years of age group.
In the first sampling only 0.07% (3 girls and 2 boys) refused to participate in the study. In addition, 327 students (4.5%) were
absent when sampling was done. We present mean and standard deviation fort height, weight and BMI at 0.5 years intervals,
from 3 to 23 years of age, for both genders. After adjustment with the different models, percentiles for height, weight
(percentiles 3, 5, 10, 25, 50, 75, 90, 95, and 97) and BMI (percentiles 3, 5, 50, 85, 95, and 97) are presented for both genders.

Conclusion: This is the first study in Andalusia with a representative sample from the child-juvenile population to investigate
weight, height and BMI in subjects from 3 to 23 years of age. The great variability observed in the values from sample of 18 to
23 years of age individuals, ensures the inclusion of extreme values, although random sampling was not used. There still is a lack
of standard reference values for the Andalusian population younger done 3 years of age.
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Introduction

Growth is a complex biological process whereby an organ-
ism achieves an increase in mass and size, while at the
same time it matures morphologically and functionally
until it acquires the characteristics of the adult state. It is a
process that is genetically determined by the activation of
stimulating and inhibiting genes, but modulated by extra-
genetic factors, so that the rhythm of maturing and the
final size are the result of a complex interaction between
genes and environment.

Growth is the fundamental physiological process that
characterizes childhood. It should be monitored by a pae-
diatrician and the family and considered a health indica-
tor. In a similar way, secular trends in growth show the
level of health of the population itself.

References of growth are one of the most valuable and
commonly used instruments in the evaluation of the well-
being of individuals, groups of children and the commu-
nities they live in, and for following this process in achiev-
ing a series of sanitary and other wider targets related to
social equality. This is due to the well-known fact that the
improvement in socio-sanitary and nutritional conditions
leads to growth acceleration in a determined population.

Auxological anthropometry is a combination of biometric
techniques applied to the study and evaluation of growth.
The use of this tool brings a series of data about the pop-
ulation (weight, height, perimeters, etc) and creates a
model which can be used as a standard for this popula-
tion, if it is representative of them.

A correct assessment of a growth pattern requires the com-
parison of the subject's data with standards obtained from
a representative sample of the population the subject
belongs to. Such standards can be elaborated by using
three methods, which differ in the way the sample is cho-
sen and followed: the transversal, the longitudinal and the
semi-longitudinal method.

Studies with a transversal design for the creation of weight
and height tables carry out a single resolution to deter-
mine these parameters in a sample that represents the
population it proceeds from. Longitudinal studies follow
the sample through its process of growth and develop-
ment. When the data obtained from longitudinal and
transversal studies are adequately compared, they are
found to be virtually interchangeable beyond the pubertal
growth spurt. In transversal studies, it is not possible to
create growth rate tables or to adequately monitor growth
during puberty.

From the moment of their publication in 1965, Tanner
and Whitehouse's tables [ 1], which were later updated [2],

http://www.biomedcentral.com/1472-6823/8/S1/S1

have been widely used for the evaluation of weight and
height of populations even outside Great Britain. In our
country, these tables have been used for a long time in
clinical practice for the anthropometric evaluation in our
patients. Currently, they are still used in hospitals and pri-
mary healthcare centres, even though it has been proven
that they are now obsolete and do not represent popula-
tion nowadays [3]. In the United Kingdom, where these
tables are no longer used, there has been widespread con-
fusion about which tables are most appropriate for clini-
cal use. A working group at the request of the Royal
College of Paediatrics and Child Health, has assessed the
available tables and recommended the tables known as
UK 90 [4] for clinical use. These have since been validated
as a tool for monitoring growth in the British population

[5].

A broad study which took place in 10 European countries,
including Spain, showed that there are still international
differences in the growth of the child population [6]. For
this reason, the scientific community recommends the use
of local height and weight standards in the clinical assess-
ment of patients.

On the other hand, we live in a complex and multiracial
society. It is difficult or even impossible to carry out an
auxological evaluation of an immigrant child in our coun-
try, due to the lack of standards from their country of ori-
gin. In these circumstances, graphs from the adopted
country are used, given that environmental factors are
fundamental when the child receives adequate nutrition
and care from birth [7], while posterior improvement in
environmental conditions optimises the genetic load
expressiveness. Another option is the use of the WHO
graphs. The Multicentre Growth Reference Study (MGRS)
aims to generate growth references for infants and chil-
dren until 5 years of age. The sample was made up of
8,500 children from 6 countries (Brazil, Ghana, India,
Norway, Oman and the US). The 60-month study demon-
strated that these standards can be used to assess the
growth of any child regardless their race, socio-economic
level or nutrition so long as optimum environmental con-
ditions are met [8].

In Spain, no home-grown, widely diffused standards were
developed, until the Bilbao study that was carried out
from 1982 to 1988 [9]. This study used a mixed, semi-lon-
gitudinal design with three groups of 600 children who
were followed for 9 years in the population of greater Bil-
bao with middle to low socio-economic level. Data were
published for subjects from 0 to 18 years. The same group
published the end of its longitudinal study in 2004 (chil-
dren born between 1978 and 1980) and the transversal
study carried out between 2000 and 2001, with a sample
of 6443 subjects between 0 and 18 years old [10].
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In the Community of Murcia, another transversal study of
the child population aged between 4 and 17 (1,930 chil-
dren) was undertaken [11] while in Madrid a study was
carried out with 1,525 schoolchildren between the ages of
6 and 18 [12].

During the same period (2005), an important longitudi-
nal study was published in Aragon on a final sample (of
adult size) of 226 subjects [13]. This study is of great
importance because it considers diverse anthropometric
measures and intellectual development, with the possibil-
ity of calculating growth rate in all ages, including
puberty, which enables the assessment of subjects with
different pubescent "tempos". To date, no transversal
study is available for this population.

In 2004, the Barcelona transversal study was published
[14], which included newborns, infants, children and
adolescents, as well as young adults for the assessment of
adult size. The sample of 3- to 18-year olds is made up of
5,257 children and adolescents measured in 2002 and
2003. The study concludes with the demonstration of a
secular growth of 3.5 cm in respect to a previous Catalan
study carried out in 1985 [15] and the recommendation
of periodically updating auxological data.

Weight and body mass index (BMI), weight quotient (kg)/
height?(m2?), are two widely used parameters for the
assessment of nutritional state since they are related to the
total amount of body fat. Obesity is becoming a public
health problem in our country and statistics warn us that
in Andalusia this is going to be a challenge for health pro-
fessionals dedicated to children's healthcare [16,17]. The
EnKid [18] study on the prevalence of obesity in Spain
among 2- to 24-year olds has shown a prevalence of obes-
ity in our country of 13.9% and 26.3% if we also consider
those who are overweight. Moreover, in this study, Anda-
lusia and the Canaries are the communities with higher
prevalence (29.4% ponderal excess in the case of Andalu-
sia). This study was carried out between 1998 and 2000,
with a sample of 3,534 subjects.

Data connecting childhood and adolescent obesity with
metabolism disorders in adulthood make it necessary to
set up studies to find out about the reality of the situation
in Andalusia. Such knowledge should be the starting
point for the development of intervention programmes to
control this emerging problem.

In Andalusia, there was no representative study of the
child and adolescent population. Given the scientific
community's recommendation of using local standards to
assess growth and weight increase in our population, it
was decided to initiate a study with the objective of
obtaining height and weight tables that can be used as a

http://www.biomedcentral.com/1472-6823/8/S1/S1

reference for our population. This would be the first study
of growth in our community that would create height and
weight tables representative and usable in daily clinical
practice. It would also enable us to find out the final adult
height of the Andalusian population.

The objective of the work was to describe the growth in
height and weight of the child and youth population of
Andalusia from the age of 3 to 18, including both sexes,
and to create reference standards for weight, height and
BMI for that part of the Andalusian population that would
be useful in daily clinical practice and to discover the final
adult height of the Andalusian population.

Subjects and methodology

Population studied and sample selected

Target population and considerations about the sample

Once the objectives were clear, it was necessary to make
decisions about the sample that would be the object of
our study, bearing in mind that a transversal study had
been chosen.

In order to achieve the greatest possible representation of
the Andalusian population from the age of 3 until they
reach final height two samples of individuals were
obtained using different sampling systems to assess their
weight and height.

Given that the aim of the first sample was to describe the
growth in height and weight of the Andalusian child and
youth population from the age of 3 to 18 including both
sexes and create standards of reference for weight, height
and BMI for the Andalusian population within this age
range, this first sample needed to represent the whole
Andalusian population from the age of 3 to 18. The ideal
method, from a methodological viewpoint, for taking a
sample of that population would be through simple ran-
dom sampling taken from the population census; how-
ever, this would not be viable, economically speaking. We
could obtain a less expensive sample by going to places
that are attended by children of these ages, to weigh and
measure them.

These places are, of course, education centres, where the
population between the ages of 3 and 16 is obliged to
attend. Moreover, apart from the age range, if the school-
ing rate is high enough, a fairly reasonable degree of rep-
resentation could be achieved.

Data from the Education, Science, and Sports Ministry,
show that in 2002-2003 the schooling rate in Andalusia
was 96.1% for High school and Professional Education
(16-17 years of age) and 17.4% for higher grades of Pro-
fessional Education (18-19 years of age). Thus, up to the
age of 17, the schooling rate in Andalusia is high enough
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to avoid significant skewness when it comes to taking
samples of children and young people from education
centres. At the age of 18, the number of students in non-
university education is very low and makes it very difficult
to sample this age group using only non-university educa-
tion institutions.

On the other hand, the data from the 2001 census by the
National Statistics Institute (Instituto Nacional de Estadis-
tica) about rates of schooling (at any level, including uni-
versity) indicate that, at that time, the schooling rate for
16-year olds was 81.9%, for 17-year olds 71.8% and for
18-year olds 62.2%. Therefore, population aged 16 and
17 would be sufficiently covered by going to education
centres, while for 18-year olds it would be necessary to
obtain data from other sources in order to cover such defi-
ciencies.

Despite everything, the problem was not serious given
that the age where we might encounter problems is one
where the variance is very large. This variance is present in
all population strata so that the results obtained would
not be far from reality in any case.

It was decided to take a random sample per school and
within such sample select classes from each year, from
which a sample of pupils in the age range being consid-
ered would be taken. This sample (despite, as explained
later, the risk being reduced to a minimum) could intro-
duce skewness in the assessment due to the resemblance
of the pupils in each class. This skewness could artificially
reduce the variance of the parameter studied at a certain
age, thus strongly affecting the assessment of extreme per-
centiles. It will be corrected by using adjustments with
random effects models to take this fact into account.

For the second sample, concerning the young population
between the ages of 18 and 23, it was not viable to use the
same sampling method. For this group, 6 non-university
education centres were used, where different professional
modules were taught and where data were collected from
classes in a similar way to the sample of under 18-year
olds. In addition, to increase the size of the sample, differ-
ent university departments in Granada were selected: The
School of Health Sciences, The Medicine Faculty, The Civil
Engineering School, The Pharmacy Faculty, The Science
Faculty and the Computer Engineering School. In all these
centres, students in their first, second and third years were
measured.

Given the economic determinants, although the statistical
quality of this second sample was worse due to the fact
that it was not random, this type of sampling was chosen
assuming that the strong variance of the different meas-
ures would assure a representation of extreme values that
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would not be reduced even though the sample was not
random. On the other hand, if, as was expected, from the
age of 18 or 19 the behaviour of the measurements was
asyntotic, ages could be put in one group where extreme
measures are more probable thus correcting a possible
skewness, stemming from underestimating the popula-
tion's variance.

Types of education centres and sample size

According to data from the Andalusian Board of Educa-
tion for the academic year 2003-2004, education centres
were classified as Private Teaching Centres, Infant and Pri-
mary Schools and Institutes for Secondary Education.
Moreover, centres are not evenly distributed across the
region, but rather they are placed according to the size of
the population in a given area. Therefore, there were two
already identified criteria to stratify: the type of centre and
the size of the population.

Table 1 shows data about the types of centres, the size of
the population and the number of pupils.

The global sample was distributed into 12 strata, in prin-
ciple, in proportion to the number of pupils in each stra-
tum. Although knowing the distribution of the
population in the centres and the pupils in each stratum,
it is always possible to calculate the probability of one
unit being selected for sampling, and correct this using
inverse probability weighting, in case an imbalance in the
sample by strata is considered necessary. As explained
below, this was the strategy used for sampling.

Considering our objective, an additional source for strati-
fication would be each of the age groups from 3 to 18,
which would give us 16 strata. In fact, for the sake of accu-
racy, we would consider not 16 strata, but 32, given that
we would choose children of an age calculated in years
and "half years"; this way strata would reflect the follow-
ing ages: 3,3.5,4,4.5,5,5.5,....17,17.5, 18, 18.5.

Besides, another obvious source of stratification would be
the child's sex, due to the fact that the variables measured
are different from a very early age in boys and gitls.

In terms of the calculation of the sample size we should
comment on the normality of the variables involved in
the study. For each age, height can be considered to follow
anormal distribution, but this is not the case for weight or
BMI, calculated based on both of these. Despite this,
many authors have managed to normalize these variables
using transformations; this way, we consider that if the
children's weight for each age group is not a normal vari-
able, once transformed it would become normal, which
means that we would not have to re-calculate using non-
parametric methods for the size of the sample.
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Table I: Distribution of Education Centres and pupils by strata
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Population in the town of
origin

Type of Education Centre

No. of Centres Centres (%) No. of students Students (%)

> 100,000 Private education centres
Infant and primary schools
Secondary school

Private education centres
Infant and primary schools

Secondary school

50,000-99,999

20,000—49,999 Private education centres
Infant and primary schools
Secondary school

<20,000 Private education centres

Infant and primary schools
Secondary school

361 1.5 218778 16.0
430 13.7 149631 10.9
247 78 156305 1.4
55 1.7 29296 2.1
147 4.7 56954 42
66 2.1 46152 34
54 1.7 27738 2.0
145 4.6 57361 42
69 22 45390 33
| 35 43360 32
1002 31.8 333087 24.4
461 14.6 202872 14.8
3148 1366924

Having discussed the prior considerations, we can concen-
trate on the calculation of the sample size necessary for
the study. Following the methodology set out by Linnet
[19] for the calculation of sample size, the key would be
the ratio between the width of reference range and the
width of the confidence interval for the extremes of the
said reference range. Accordingly, for a reasonable quo-
tient between both widths, such as 20%, we would need
126 children per each age group and sex.

However, these calculations do not take into account that
the percentiles in the height and weight curves for age are
obtained from the ratio of such variables with age using a
regression model. Royston [20] addresses this problem,
and using his equations the required sample size is
reduced due to the variance reduction that occurs when
using regression. In figures, such reduction means that if
we want a ratio of 0.20 for each group of age and sex, we
would only need 74 children. Based on this fact and bear-
ing in mind that it would be applicable to simple random
sampling, the size of our global sample would be at least
2,368 males and 2,368 females.

We had opted for a multistage sample. The first stage
included a random selection of the education centre,
while the second stage included a random selection of the
children within the class of their year in the education
centre. This leads to a cluster sampling that requires an
increase in the size of the sample. Such increase, which is
called the design effect, depends on the size of the sample
in each centre as well as the degree of resemblance
between children in each centre (intraclass correlation
coefficient). The larger the effect of the intraclass coeffi-
cient, and the larger the sample group in each centre, the
larger the design effect. This design effect shows us a coef-
ficient by which we should multiply the size of the sample

calculated as a simple random sample so that when we
obtain it in clusters we have the same capacity as a simple
random sample.

We would choose our sample for each age group (3, 3.5,
4, 4.5 years...) so that in fact our sample would not have
to be too big; it would normally be about 4 or 5 pupils in
each age group per school. So, supposing we chose 4 chil-
dren of each age from all the children of the school and
that the intraclass correlation coefficient was 5%, the
value of the design effect would be 1.15. Therefore, our
total sample would be approximately 1.15 x 4608 ~ 5300
pupils of whom half would be female and half male. This
means around 166 pupils per age group of whom half
would be female and half male.

The choice of 0.05 as the intra-class correlation coefficient
was made on the assumption that although the children
in class would resemble each other, variance increases
with age. Therefore, in classes of older children variance
between observations is guaranteed, while in the case of
younger children an important variance is also guaranteed
due to the fact that the age range within a class, although
small, is strong enough to mean that the intra-class corre-
lation is not very large.

In the case of the sample of students between the ages of
18 and 23, the size of the sample calculated following the
same steps included 2000 people.

Sample distribution in education centres

Taking into account the sizes of the samples obtained, the
global sample would be distributed in the 12 strata, in
principle, in proportion to the number of pupils in each
stratum, as we knew the distribution of centres by strata
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and their mean size. This allocation can be seen in the col-
umn "Proportional sample" in Table 2.

As discussed earlier, knowing the distribution of the pop-
ulation in the centres and that of pupils in each stratum,
it is always possible to calculate the probability of a unit
being selected for sampling and to correct using inverse
probability weighting, if an imbalance in the sample
strata is considered necessary.

We made use of this methodological resource, with the
exact intention of under-representing samples from cen-
tres with a smaller population, since otherwise it would be
more costly in resources and time to reach those centres,
which would then lead to a different weighting of results
to take this additional imbalance into account. Bearing
this in mind, the distribution shown in the column
"Definitive Sample" in Table 2 was obtained, this distri-
bution was used for the study.

The final procedure for sampling that was used as an alter-
native to simple random sampling based on census,
requires two precautionary measures in the analysis
phase. In the first place, as has already been mentioned, it
is necessary to carry out an inverse probability weighting
of the selection of each of the samples in each stratum; in
the second place, a random effects model should be used,
unless it is proven to be unnecessary, to adjust the sam-
pling by schools, and within them by class and within
them by pupils. Such precautions were taken into account
as explained in the results section.

Process of sample extracting

A letter was sent to the directors of all centres selected to
ask them to transmit a request for permission to carry out
the study to the School Board. Anonymity of the data of
both individuals and centres was guaranteed.

Table 2: Sample distribution in Education Centres by Strata
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Three weeks later, the centres were contacted again to set
a date and to inform parents in case anyone refused to par-
ticipate.

Data were collected by two scholarship holders who were
specifically trained. On their arrival at each centre, using
the lists that included birth dates and had been previously
provided by the school, they determined the group of eli-
gible pupils. Eligible pupils were those whose age was
within the years or half years corresponding to their class
+ 3 months. Of these pupils, four were selected in each
class and one more as a possible substitute. If more were
missing another child was chosen, but in no case more
that two substitutes were required. Pupils with a non-
Spanish parent were not eligible nor those with chronic
illness or who were receiving a treatment known to affect
their growth. For the purposes of the selection, a list of
random numbers was used for each centre and for each
day, prepared in relation to the different sizes of the eligi-
ble subpopulation.

In terms of data collection, incomplete weeks or weeks
with exams were eliminated to avoid interrupting school-
work or causing skewness due to absenteeism.

To obtain the second sample, for the group of 18- to 23-
year olds, during the sampling in non-university educa-
tion centres the sample was obtained in a similar manner
to that of the sample of 3- to 18-year olds. In the case of
university departments, after having received permission
from the corresponding dean, we were able to use some
time from the last main subject of the day. The informa-
tion given to students was the same as in the other cases.
In these situations, the volume of students who refused to
participate was high, in many cases over 40%, having
identified these data visually by subtracting those who
were originally in class and those who were measured in
the end. Data were collected by the same observers and

Population in the town of origin

Type of Education Centre

Proportional sample Definite sample

> 100,000 Private education centres 13 15
Infant and primary schools 9 19

Secondary school 10 16

50,000-99,999 Private education centres 2 2
Infant and primary schools 3 3

Secondary school 3 3

20,000—49,999 Private education centres 2 2
Infant and primary schools 4 4

Secondary school 3 3

<20,000 Private education centres 3 2
Infant and primary schools 20 10

Secondary school 12 6

84 85
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using the same methodology and instruments as in the
other samples. The subjects included were healthy, not
suffering from chronic illness or undergoing continuous
medical treatment that might affect their growth, they
were born in Andalusia, were Caucasian and of Spanish
origin.

In any case, this "extended" sample of 18- to 23-year olds
cannot be considered representative of the Andalusian
population and, in the best of cases, it is obvious when it
does not differ significantly from the part of the sample
correctly selected that overlaps with it and we can conjec-
ture from this, if it proves to be the case, that differences
are not great.

Methods

Personnel

Data collection was carried out by two scholarship hold-
ers who received special training. They were trained in
techniques for weighing and measuring the sample being
studied. Moreover, in all cases, measurements were taken
by the same person.

Error in measurement was determined based on the meas-
urements of 5 children repeated three times, as the stand-
ard error of the mean measurement of each child, giving a
value of 0.2 cm.

Data were collected from February to December 2004 for
the sample of up to the age of 18. For the broader sample,
data were collected from January to May 2005, except Feb-
ruary when there were no classes.

Parameters studied and technical equipment used

A portable electronic Seca weighing machine, with an
accuracy of 100 gr and automatic reset to 0, was used for
weighing.

A portable Holtain stadiometer (height rod), with an
accuracy of 0.1 cm was used for measuring height. Before
each measuring session it was adjusted with an unbenda-
ble 65 cm rod.

The Body Mass Index was calculated using the following
formula:

Weight(Kg)

BMI =
Heightz(m)2

Measuring techniques

The pupils selected were asked to confirm that they gave
their permission to be weighed and measured, and they
were informed that if they preferred, measurement and
weighing could be done without the presence of other
pupils, that they did not need to undress, their data would
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not be read out and they would remain anonymous.
Information was not provided to the next class unless all
pupils for the previous class had been measured.

They were asked to take off their shoes and coats, if they
were wearing one. A register of what each pupil was wear-
ing was made, and this was grouped into three categories:
light, medium and heavy. These categories were identified
size by size in a department store and weighed so that the
mean weight of the clothes for each age could be sub-
tracted. A weight of between 300 gr and 900 gr was sub-
tracted for each pupil. This methodological approach has
been used in similar studies, in order to reduce the refusal
rate. Particularly problematic is the group of older stu-
dents, where a high refusal rate is expected. In this case the
approach was used to reduce refusal due to the need for
unclothing in the presence of peers.

With regards to height, using the portable Holtain stadi-
ometer the children stood without shoes so that their
heels, glutei and scapulae were in contact with the vertical
plane and their heads were leaning against the so-called
Frankfurt plane. With their ankles together, their inner
malleola touching, and the soles of their feet firmly placed
on the hard horizontal plane, the observer gently pushed
their mastoid bones upwards. In this position, they were
asked to breathe in deeply and the observer measured
their height pushing down the mobile top to minimize to
the maximum any error due to hair thickness.

A sheet was prepared to write down data on paper format,
which was later recorded on electronic format, on a
spreadsheet, within a maximum of 48-72 hours. Data
were periodically revised to detect and correct any record-
ing errors.

Statistical methods

Statistical methods for adjusting Reference Curves

We used Cole's LMS method [21], which models the rela-
tionship between percentiles and age using a regression
technique and assumes a normal distribution of the trans-
formed variable.

This is a widely used method, especially in Europe, for the
creation of reference tables depending on age; moreover,
computer software in standard statistical packages is also
available.

The method assumes that, in each age group, the anthro-
pometric data can be adjusted to a normal distribution
after having been adequately transformed, taking into
account the degree of asymmetry (L), central tendency
(M) and dispersion (S).
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Using the original data, for each moment of time (t) the
following quantities are obtained:

e 1(t) value of the parameter A of the transformation of
Box-Cox to obtain the normality of the variable.

* M(t) median of the original data in the t instant.

¢ S(t), coefficient of variation of the original data in the t
instant.

Obtained for the different t values, within the time frame
considered, they are adjusted, using a penalized likeli-
hood, a method that connects them with age.

Using the formula that appears below (and that is simply
the result of undoing the change applied in order to nor-
malize the variable) the « percentile is calculated for the t
instant, which is given by this expression:

C,(t) = M(£)(1+L(1)S(£)2) 10

where z, is the value of the function of an N (0.1) distri-
bution that leaves to its left a & probability.

What Cole's method does is to model the skewness and
the kurtosis of the variable (through the transformation
that has to be made to convert the original variable into a
Normal one), the central position of the variable (through
the median) and the variance, and also the kurtosis in an
indirect way (through the coefficient of variation of data
in the t instant). Once these coefficients have been mod-
elled in relation to time, thus obtaining the desired per-
centiles.

An assessment using the method of penalized likelihood
requires specific statistical software. The STATA 8.1 and
Splus S 6.0 packages were used.

Measuring the "goodness of fit"

The quality of the fit was assessed with tests proposed by
Royston [22] that evaluate whether the model residuals
follow a normal distribution based on their average, sym-
metry and kurtosis. Royston proposes a series of tests
called Q-tests that characterize certain properties of the
model residuals so that if the test yields a significant result
it implies that the residuals do not adjust well to the nor-
mal random variable and the model does not adjust well
either. They are based on the assumption that model
residuals should be distributed according to an N (0.1)
regardless time, if the model adjusts well.

The tests applied in the assessment of the goodness of fit
were as follows:

http://www.biomedcentral.com/1472-6823/8/S1/S1

¢ Q, test: If the model adjusts well, the sum of the squares
of the mean model residuals in each group, weighed by
the size of the group, follows an 2 distribution with G-1

gl

® Q, test: If the model adjusts well, the sum of a variances
function in each model residuals group, follows an 32 dis-
tribution with G-1 g.l.

® Q, test: If the model adjusts well, the sum of the squares
of the experimental quantities from D'Agostino's Normal-
ity test for skewness, in each model residuals group, fol-
lows an y2 distribution with G g.1.

® Q, test: If the model adjusts well, the sum of a function
of the significance levels, P values, Shapiro-Wilks' Nor-
mality test, combined tests for skewness and Kurtosis, in
each model residuals group follows an 2 distribution
with2 G gl

Each test responds to the imbalance in normality that the
model can create. The first test concerns the differences
between the residuals and the median of the distribution
they should present, meaning, the N (0.1); the second test
is related to a model residuals variance which is either too
high or too low, that would suggest very or little sharp and
therefore abnormal distributions;; the third test character-
izes the skewness of the distributions of the model resid-
uals that would indicate a way of non-normality of such
distributions and therefore an imbalance; lastly, the
fourth test refers at the same time to the skewness and kur-
tosis, which are two characteristics that mark non-normal-
ity. The latter could be significant for this study more
easily, given that Cole's method does not directly model
the kurtosis of the base distribution.

Royston suggests declaring the imbalance of the model
when any of the tests proves to be significant at 5% error,
a situation that rejects completely the adjusted model,
given the great number of tests to be performed this is easy
to happen simply thanks to the accumulation of errors in
each one of them.

In our case, these tests were used to determine the number
of edf necessary for each model's fit (Cole's LMS method),
and we kept those models which achieved tests with more
than 10% significance. When significant results were
obtained in some tests, a study of the original observa-
tions was performed in case there were extreme data pos-
sibly contaminating the model to a great extent. The type
of analysis applied is shown in the next section.

Method for detecting extreme and/or influential data
In the case in hand, the detection of extreme data should
be carefully assessed. With the reference curves depending
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on time, our objective is to determine extreme values
(high or low), thus eliminating extreme data from the
sample could affect the curves in an obvious way, "prun-
ing" the distribution of values that are valuable when it
comes to determining percentiles. Nevertheless, in this
kind of projects, it is not possible to leave out an analysis
of extreme data given that this could entail an important
risk of working with data which, almost certainly, do not
belong to the target population.

There is a classic rule for detecting extreme data, which
involves labelling a piece of data x as extreme in the fol-
lowing situations (Q(25) being the 25th percentile of the
sample, Q(75) the 75th percentile and IQR the interquar-
tile range):

x<Q(25)-1,5 x IQR
x>Q(75) + 1,5 x IQR

We used, however, a modification to this rule, which
makes it much more conservative:

x<Q(25)-4 xIQR
x> Q(75) + 4 x IQR

With this modification we only detected data that were
unusually extreme and in this way we do not risk "prun-
ing" the distribution of data that could be influencing the
tables.

Data are considered influential if, when eliminated from
the sample, they generate a significant change in the
model that is being adjusted, giving rise to a profoundly
different one. Traditionally, influential data have been
identified with extreme or very extreme data, although
this is not always the case. A conservative, but reasonable,
option would be to look for influential data only among
the very extreme data in such a way that will not prejudice
areas of distribution that are closest to the centre.

Assuming the previous considerations, the process for the
detection and, when necessary, the elimination of data
was as follows:

1) Extreme values were labelled for each age, using the
rule explained above.

2) Taking labelled data as extreme into consideration, the
model was adjusted and the tests were evaluated to deter-
mine whether they were significant or not. If this was not
the case, it was acknowledged that the most extreme data,
up to that moment, were not influential and the process
was stopped, conserving all sample data. When the test
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was significant, the most extreme data were eliminated
and the process was repeated until the adjustment quality
control tests were not proven to be significant. The iterant
process was always carried out on the most extreme data
used.

We insist that this is a very conservative process, because
this is required by the type of study we are carrying out
and, as the results will show, it has led us to reject a very
small number of observations.

Analysis of the model's sensibility in terms of the lack of
data for absent subjects

The elaboration of tables for height and weight assumes
that the individuals included in the study do not suffer
from chronic illness that could significantly affect their
growth and weight gain. A screening, was performed to
avoid including these boys and girls, although probably it
was not very rigorous. This is taken into account in the
final assessment and it is evaluated, as appropriate.

Those pupils who were absent on the day data were col-
lected were substituted by others. As the number of pupils
taken by class (between 4 and 6, in the most extreme case)
was small, the volume of data substituted was not very
large so the assessment of such values is not very efficient
and it is not considered very relevant.

On the other hand, if absence from class was due to ill-
ness, this could be a factor generating a strong skewness
on the results. A 2003 study provided by the provincial
Education Delegations placed the mean daily rate of
absenteeism in state schools in Andalusia at 12.8%. It
could be argued that a big part of these absences were due
to illness and that among the ill children it is more likely
that there were some with chronic illness that might affect
their growth. In this case, the sample would give a skew-
ness in the tables towards values that are too "high".

An analysis was carried out of the sensibility of the final
models using the least favourable scenario. Based on a the
daily absenteeism level of 12.8%, it was assumed that
10% were, in relation to the variable of interest, below the
median. Calculations were made based on this theoretical
situation and the final results were compared with those
obtained in reality. In this scenario, if curves did not
change sufficiently, this meant that they were not affected
by the skewness generated by non-measurements due to
illness.

All these considerations are valid for the sample of 3- to
18-year olds. The other sample is subject to higher rates of
absence of measurements and diverse possible skewness.
Such skewness could strongly affect two characteristics of
the distribution of variables: the width of values obtained
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and a skewness towards higher values in some variables
and lower values in others. In the first case, if part of the
extreme values had been eliminated we would have
obtained tables that would have been too "narrow",
which could be compared to the tables that resemble
those of our population. In the second case, we would
have skewness that would balance out but would be diffi-
cult to demonstrate or measure. For this reason, the same
criterion of 10% illness, which is below the median, was
applied to this sample. In the case of variables where the
skewness acted inversely (weight and therefore BMI), such
skewness has not been considered so the estimated figures
would be, in that case, underestimated.

Results

The total number of cases collected was 9,065; 50.07%
were female (4,539 cases) and 49.93% were male (4,526
cases). Considering age, the group of up to 18 years of age
made up 79.39% of the cases (7,197).

Of the 4,539 females included, 79.14% (3,592 cases)
belonged to the group of up to 18-year olds, while of the
4,526 males, 79.65% (3,605 cases) were in the same age

group.

The size of the sample of 3- to 18-year olds is larger than
the one initially calculated, which could create a benefi-
cial effect on the efficiency of the estimators. This increase
in the sample is due to three reasons. In the first place, 5
male and 5 female pupils were measured in a significant
number of classes instead of the 4 originally planned. Sec-
ondly, the number of units was higher than the mean esti-
mated by the Education Board; and lastly, the total
number of pupils used to make the preliminary estima-
tions was from the previous year, while in several schools
the number of children was higher than expected.

In relation to the sample of 3 to 18 year olds, none of the
schools refused to participate and neither did any of the
parents of the pupils. In this group, 3 women and 2 men,
that is 0.07%, refused to participate. In 18 cases, children
had some kind of prosthesis (plaster cast, corset) that did
not affect there height; their weight was taken without any
type of correction. Only 3 subjects from the sample
(0.04%) were receiving endocrinological treatment and
they were not eliminated from the sample.

In the sample of 3- to 18-year olds, 327 pupils were sub-
stituted because they were not present when the sample
was taken from their class; they represent 4.5% of this part
of the sample. This figure is so low that it does not seem
useful for estimating absence, and this could be due to
several reasons. On the one hand, the weeks chosen did
not contain events that might reduce pupils' attendance
(local holidays, bank holidays, etc...), while Mondays,
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which is the day with the highest rate of absenteeism, was
also excluded because it was the day the personnel chose
to travel to each centre. On the other hand, since teachers
were given a list of the selected pupils beforehand, it is
possible that the most 'work-inclined' ones may have
caused an indirect skewness by not "remembering" that
they had substituted pupils who were not present. This
last skewness was not detected until the study was well
underway so it could not be corrected and, although it is
probably low, it forced us to carry out an analysis of the
robustness of the results against this skewness, as has
already been mentioned.

The finally selected sample of the population aged
between 18 and 23 (1,868 cases) is slightly smaller than
that initially planned. Nevertheless, the difference of 132
people is small and should not have generated skewness
on the results beyond the one that had already affected
this part of the sample and have already been mentioned
in the methodology section.

In the sample of over 18-year olds, the sampling tech-
nique does not allow such an accurate analysis of the gen-
eral results. Based on direct estimates, in some cases it is
known that the non-response rate might have reached up
to 40% which makes us suspect of some significant skew-
ness; in any case, as was stated in the statistical method
section, sensibility studies will be performed applying the
tables to these facts.

The distribution of the sample of men and women by
ages, grouped by years and half years is shown in Table 3.

Height

Sample data

A summary of the height data in the samples of men and
women is shown in Table 4.

It can be appreciated that in the sample of women the
approximate height value becomes stable as of the age of
18, while in men, it stabilizes beyond the age of 20. For
this reason, comparisons of mean heights were performed
for age groups calculated every half year beyond the
above-mentioned values. The results obtained in both
cases (women Fg, = 1.36 (10; 1049) gl. p = 0.1938 and
men F,,, = 0.44 (6; 655) gl. p = 0.8496) confirm the
impression that the average height does not vary signifi-
cantly beyond these ages. As a result the values beyond the
age of 20 were grouped together, in the sample of women
and men, to refer to the Andalusian adult height in each
gender.

Extreme values
Following the method already explained in the methodol-
ogy section, the values considered extreme were catego-
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Table 3: Distribution of the men and women sample by age.
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WOMEN

MEN

Age (years) Subjects no.

Percentage Accumulated percentage Subjects no.

Percentage Accumulated percentage

3 90 1.98 1.98 97 2.14 2.14
35 134 2.95 494 132 292 5.06
4 126 2.78 7.71 145 3.20 8.26
45 12 2.47 10.18 134 2.96 .22
5 114 2.51 12.69 16 2.56 13.78
55 125 2.75 5.4 16 2.56 16.34
6 104 2.29 17.74 108 2.39 18.73
6.5 122 2.69 20.42 131 2.89 21.62
7 13 2.56 22.98 12 2.47 24.09
7.5 144 3.17 26.15 132 2.92 27.01
8 132 291 29.06 108 2.39 29.40
8.5 1o 2.42 31.48 132 292 32.32
9 126 2.78 34.26 129 2.85 35.17
9.5 i 2.45 36.7 124 2.74 37.91
10 121 2.67 39.37 135 2.98 40.89
10.5 131 2.89 4226 130 2.87 43.76
" 141 311 4536 124 2.74 46.50
1.5 133 2.93 4829 135 2.98 49.48
12 122 2.69 50.98 109 241 51.89
125 138 3.04 54.02 i 245 54.34
13 17 2.58 56.6 135 2.98 57.32
13.5 123 271 59.31 16 2.56 59.88
14 97 2.14 61.45 104 2.30 62.18
14.5 95 2.09 63.54 100 221 64.39
5 12 2.47 66.01 99 2.19 66.58
15.5 90 1.98 67.99 89 1.97 68.55
16 1o 2.42 70.41 9% 2.12 70.67
16.5 19 2.62 73.03 10l 223 72.90
17 8l 1.78 74.82 85 1.88 74.78
17.5 83 1.83 76.65 96 2.12 76.90
18 13 2.49 79.14 124 2.74 79.64
18.5 70 .54 80.68 90 1.99 81.63
19 72 1.59 82.26 58 1.28 8291
19.5 104 2.29 84.56 i 245 85.36
20 107 2.36 86.91 88 1.94 87.30
205 97 2.14 89.05 92 2.03 89.33
2 107 2.36 91.41 95 2.10 91.43
215 9% 2.12 93.52 86 1.90 93.33
2 1o 2.42 95.95 16 2.56 95.89
225 1o 2.42 98.37 105 233 98.22
23 74 1.63 100.0 80 1.77 100.0
TOTAL 4,539 100 4526 100

rized. In the women's group, 1 three cases were corrected
because they contained automation errors that had not
been detected during the first phase of corrections.
Another two were kept because they were not proven sig-
nificant during the quality adjustment tests.

On the contrary, the two cases detected as extreme in the
men's group were eliminated because, when they were
included, they were proven significant during the quality
adjustment tests.

Model adjustment

The adjustment of the model can be considered adequate
since none of the tests used (Q1, Q2, Q3, and Q4) yielded
significant results. Adjustment was analysed using a ran-
dom effects model (the classroom was the grouping unit
for the 4-6 pupils chosen in it); following the perform-
ance of the likelihood ratio test to compare with the fixed
effects model the values obtained were 72,,,=1.63 (1g.l.)
p = 0.2014 for women and z2,,,= 1.08 (1 g.l.) p=0.3102
for men. The use of the fixed effects model adjustment,
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Table 4: Stature values (mean and standard deviation) in the samples of men and women.

WOMEN MEN
Age (years) Subjects no. Mean stature (cm) Standard Subjects no. Mean stature (cm) Standard
deviation deviation
3 90 96.5 4.07 97 97.7 3.77
35 134 98.3 3.98 132 99.9 3.79
4 126 102.0 4.18 145 103.1 3.99
45 112 106.2 3.83 134 106.5 441
5 114 109.3 4.93 116 109.9 4.59
5.5 125 112.4 4.93 116 113.1 4.48
6 104 116.3 5.45 108 117.0 5.27
6.5 122 119.0 6.57 131 121.2 5.08
7 116 121.4 4.52 112 122.3 5.64
7.5 144 125.2 5.09 132 125.7 5.90
8 132 126.5 6.18 108 128.8 5.51
85 110 131.3 5.77 132 1325 6.03
9 126 132.8 6.57 128 134.1 5.35
9.5 1 135.6 6.53 124 136.7 5.86
10 121 139.3 6.62 135 140.0 6.04
10.5 131 142.5 7.25 130 141.7 6.82
I 141 146.2 7.21 124 144.4 6.80
1.5 133 148.9 7.07 135 146.9 7.64
12 122 151.5 6.56 109 151.4 7.74
12.5 138 154.8 6.84 1 154.9 7.95
13 117 156.3 5.87 135 156.5 843
135 123 158.0 6.25 1) 159.9 8.66
14 97 158.5 5.84 104 163.2 8.67
14.5 95 158.6 5.68 100 167.0 6.46
I5 112 161.1 6.06 99 170.8 7.10
15.5 90 160.7 5.78 89 171.7 6.77
16 110 161.3 5.62 96 172.1 6.30
16.5 119 161.1 6.51 101 173.1 6.40
17 8l 160.7 5.37 85 175.0 6.37
17.5 83 163.0 5.72 96 174.5 6.67
18 113 162.6 5.51 124 174.9 6.37
18.5 70 163.7 6.45 89 173.9 6.29
19 72 161.7 6.19 58 175.8 6.89
19.5 104 162.6 5.56 1 175.9 6.85
20 107 162.2 5.13 88 175.4 6.98
20.5 97 162.7 7.03 92 176.3 6.75
21 107 163.1 5.79 95 176.2 7.35
21.5 96 164.2 6.16 86 176.7 6.59
22 110 162.9 5.87 116 176.5 6.54
22.5 110 163.7 5.79 105 176.0 6.91
23 74 163.4 6.55 80 176.8 6.91

produced the height table for men and women, in deci-
mals of years from the age of three to 19 concentrating the
values beyond this in 20 (Additional data file 1: Table A
and B). Figures 1 and 2 present percentiles 3, 5, 10, 25, 50,
75,90, 95 and 97 for height, of both men and women.

Sensitivity analysis

As explained in the methods section, a sensitivity analysis
was performed on the final model using the most unfa-
vourable scenario. To this end, it was assumed that 10%
of the individuals measured could not be measured, and

that all of them were below the median. Then, when we
compared this hypothetical situation to the real model,
we found that for estimating the median, in the worst case
(around the age of ten) the difference in the tables would
be 8 mm in women and 9 mm in men, an amount that
seems small. For the most important situation, from a
clinical point of view, which would be that of the percen-
tile 3, the maximum difference was half a centimetre,
assuming that 10% of the children were not measured and
that all of them were below median measured.
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Figure |
The 3, 5, 10, 25, 50, 75, 90, 95 and 97 percentile curves for
women's stature.

Weight

Sample data

Table 5 summarizes data for weight in men and women.
In women, weight stabilizes by the age of 18. To confirm
this fact, we compared the mean weight in age groups of
half years beyond this age (F,,, = 1.36 (10;, 1049) g.l. p =
0.1952). Performing the same comparisons in the men's
sample, the mean weight had not been stabilized beyond
the age of 18 (F,,=2.15 (10; 1054) g1. p = 0.0188), but
it had done so in age groups above 20 (F.,, = 1.58 (6; 655)
g.l. p = 0.1514). For this purpose, in the sample of men
and women, the values beyond the age of 20 were
grouped together so as, to refer to the weight of Andalu-
sian adults of each gender.

Extreme values

All values, from both samples that were characterized as
extreme (5 in women and 6 in men) were eliminated
since the goodness of fit test was proven significant in case
they were included, and they had a considerable effect on
the kurtosis of the distribution.

Model adjustment
The adjustment is adequate because none of the tests
assessing its goodness of fit (Q1, Q2, Q3, and Q4) yielded
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Figure 2
The 3, 5, 10, 25, 50, 75, 90, 95 and 97 percentile curves for
men's stature.

a significant result. The adjustment was analysed using a
random effects model (the classroom was the grouping
unit for the 4-6 pupils selected in it); following the per-
formance of the likelihood ratio test to compare with the
fixed effects model, the values obtained were y2,,,=1.08
(1g1)p=0.2987 for women and y2,,,=1.49 (1gl)p=
0.2222 for men. The use of the fixed effects model adjust-
ment, produced the height table for men and women, in
decimals of years from the age of three to 19 concentrating
the values beyond this in 20 (Additional data file 1: Tables
C and D). Figures 3 and 4 show percentiles 3, 5, 10, 25,
50, 75, 90, 95 and 97 for weight, in both women and
men.

Sensitivity analysis

In the same way as with height, a sensitivity analysis of the
final models was performed, using the most unfavourable
scenario. To this end, it was assumed that 10% of the indi-
viduals weighed could not be weighed, and that all of
them were below the, median. Then, when we compared
this hypothetical situation with the real model, we found
that for the estimation both of the median and of the per-
centile 3, differences in women were between 0.1 and 0.8
kg (around the age of 14). In the case of men, differences
in the estimation of the median ranged between 0.1 and 1
kg, while in the case of the percentile 3 which has the
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Table 5: Weight values (mean and standard deviation) in the samples of men and women.

WOMEN

MEN

Age (years)

Subjects no.

Mean weight (kg) Standard deviation Subjects no.

3 90 14.9 1.70
3.5 134 15.7 2.65
4 126 17.0 2.85
4.5 112 18.1 261
5 114 19.1 3.38
5.5 125 20.5 4.23
6 104 227 441
6.5 122 243 5.17
7 16 25.5 5.67
7.5 144 27.3 6.19
8 132 282 6.86
85 110 32,0 7.74
9 126 333 8.17
9.5 Il 357 8.85
10 121 37.0 9.92
10.5 131 39.8 9.87
I 141 43.9 111
1.5 133 45.6 12.28
12 122 48.1 11.23
12.5 138 51.2 14.07
13 117 532 11.98
13.5 123 54.1 12.10
14 97 55.0 12.14
14.5 95 56.4 11.27
15 112 572 13.24
15.5 90 58.1 9.87
16 110 56.8 9.89
16.5 119 57.8 10.44
17 8l 56.5 9.45
17.5 83 58.8 9.48
18 113 57.6 8.94
18.5 70 573 9.74
19 72 574 7.99
19.5 104 59.9 10.41
20 107 57.0 8.84
20.5 97 58.5 9.08
21 107 572 7.93
21.5 96 58.6 7.78
22 110 57.0 7.48
225 110 59.7 11.76
23 74 57.9 8.89

Mean weight (kg) Standard deviation

97 15.7 3.78
132 16.1 2.36
145 17.3 2.59
134 18.3 3.0

116 19.6 3.26
116 21.2 4.03

108 22.8 4.04
131 25.1 4.88
112 257 6.28
132 27.6 6.53

108 28.8 5.48
132 33.0 9.16
129 338 8.54
124 35.6 8.54
135 379 9.60
130 39.8 11.79
124 434 12.44
135 433 11.63
109 474 11.78
Il 51.3 14.31
135 51.1 12.13
116 54.2 12.50
104 58.0 13.64
100 60.1 12.82
99 67.1 13.61
89 66.2 13.16
96 67.5 13.86
101 67.8 13.37
85 70.1 12.95
96 70.5 12.71
124 705 14.20
90 70.9 14.51
58 743 14.25
i 732 11.10
88 73.1 10.46
92 749 11.76
95 719 10.61
86 74.6 10.93
116 73.1 10.24
105 747 11.50
80 76.3 12.62

greatest clinical significance, it ranged between 0.1 and

0.3 kg.

Body Mass Index (BMI)

Sample data

ages over 20s were also grouped together in the sample of
men and women, so as to refer to the BMI of adult Anda-

lusians in each gender.

Extreme values

The BMI data in the men and women's samples are shown
in Table 6. For this reason, comparisons were performed
of the BMI mean values for ages over 18 grouped by half
years, thus confirming that it does not change signifi-
cantly as of that age either in men or women (women: F,,
=1.25(10; 1049) g.l. p = 0.2557 and men: F,,= 1.30 (10;
1034) g.1. p00.2264). In the case of BMI, the values for the

Both in the case of men and women, all values character-
ised as extreme were eliminated since the tests showed
that they significantly affected the quality of adjustment.
13 cases were eliminated in the women's sample (0.29%
of the sample) and 8 in the men's group (0.18% of the
sample).
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Figure 3

The 3, 5, 10, 25, 50, 75, 90, 95 and 97 percentile curves for
women's weight.

Model adjustment

The adjustment of the model is adequate given that none
of the tests evaluating the goodness of fit (Q1, Q2, Q3,
and Q4) yielded a significant result. The adjustment was
analysed using a random effects model (the classroom
was the grouping unit for the 4-6 pupils chosen in it); fol-
lowing the performance of the likelihood ratio test to
compare with the fixed effects model the values obtained
were 2., =2.37 (1 gl.) p = 0.1237 for women and 42,
=2.21(1gl) p=0.1371 for men. The use of the adjust-
ment of the fixed effects model produced the BMI table for
women and men, grouped in ages of half years from the
age of three to 19, with all ages over 20 concentrated at 20
(Additional data file 1: Table E). Figures 5 and 6 show per-
centiles 3, 5, 50, 85, 95 and 97 for BMI, in both women
and men. These are the percentiles considered both in the
BMI table and graphs since from a clinical point of view
the most useful values are those corresponding to percen-
tiles 3, 50, 85 and 95.

With regards to the BMI, the evolution of the percentiles
below the median is very different from the evolution of
the percentiles that are above such median for both gen-
ders, especially that of the most extreme percentiles. In the

http://www.biomedcentral.com/1472-6823/8/S1/S1
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Figure 4
The 3, 5, 10, 25, 50, 75, 90, 95 and 97 percentile curves for
men's weight.

women's model, percentiles 85, 95 and 97 increase signif-
icantly until the age of 14, when they start to decrease. So
Andalusian girls from the age of 8 or 9 have a higher prob-
ability of being overweight or obese and this probability
reaches its maximum at the age of 14, when it starts to
diminish. In the case of men, percentiles 95 and 97 show
a similar evolution, although they reach their peak around
the age of 16.

Sensitivity analysis

In the sensitivity analysis of the final BMI model, it was
also assumed that 10% of the individuals measured were
not actually measured, and that the BMI values of all of
them were below the median. This way, when we com-
pared this hypothetical situation with the real model, we
found that for the estimation of the median and of the
percentile 85, both in the sample of men and women, dif-
ferences ranged between 0.1 and 0.3. These differences are
noticeably lower in the extreme percentiles, both above
and below the median.

Discussion

This work presents the results of the first population study
carried out in Andalusia to discover the weight, height and
BMI values of individuals between the ages of 3 and 23.
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Table 6: BMI values (mean and standard deviation) in the samples of men and women.

WOMEN

MEN

Age (years)

Subjects no. Mean BMI (kg/m2) Standard deviation Subjects no. Mean BMI (kg/m?2) Standard deviation

3 90 16.0 1.28
35 134 16.1 1.92
4 126 16.2 2.01
4.5 112 16.0 1.84
5 114 15.9 2.06
5.5 125 16.1 2.28
6 104 16.7 261
6.5 122 17.1 2.88
7 116 17.2 3.13
7.5 144 17.3 3.13
8 132 17.5 3.48
85 110 18.4 3.67
9 126 18.7 3.49
9.5 I 19.2 3.53
10 121 18.9 4.13
10.5 131 19.5 4.03
I 141 20.5 4.56
1.5 133 20.4 4.52
12 122 20.8 3.90
12.5 138 21.2 5.29
13 117 21.7 4.34
13.5 123 21.6 4.37
14 97 21.9 4.30
14.5 95 224 4.15
15 112 21.9 4.45
15.5 90 225 3.45
16 110 21.8 341
16.5 119 222 3.48
17 8l 21.8 3.30
17.5 83 22.1 3.46
18 113 21.8 3.17
18.5 70 21.4 333
19 72 22.0 3.13
19.5 104 22.1 3.62
20 107 21.1 3.21
20.5 97 22.0 3.04
21 107 21.4 2.71
21.5 96 21.5 2.84
22 110 21.2 2.8l
225 110 22.0 4.04
23 74 214 2.76

97 16.4 3.00
132 16.1 1.69
145 16.2 1.90
134 16.1 2.07
116 6.2 1.83
116 16.5 2.51
108 16.6 2.50
131 17.0 2.67
112 17.0 3.12
132 17.3 3.16
108 17.3 2.77
132 18.6 3.95
129 18.6 3.85
124 18.9 3.60
135 19.1 3.80
130 19.6 4.69
124 20.6 4.62
135 19.8 4.04
109 20.5 4.11
11 21.2 4.84
135 20.7 4.10
) 21.1 3.86
104 21.6 4.06
100 21.5 4.03
99 23.0 427
89 22.4 4.06
96 22.7 4.05
101 22,6 4.04
85 228 3.72
96 23.1 3.74
124 23.0 4.37
90 235 424
58 24.1 4.69
11 23.6 3.46
88 237 3.38
92 24.0 3.38
95 235 2.99
86 24.1 3.23
116 235 2.60
105 24.2 3.39
80 244 3.19

We have carried out a cross sectional study because this
allows to obtain applicable results in a short period of
time; in the second place, the cost was significantly lower
than that of a longitudinal study. Moreover, if the data
obtained were not different to that of the longitudinal
study performed in Aragon, which proved to be the case,
the disadvantages of a transversal study could be compen-
sated for by using the data on growth rate and puberty
provided in that study.

Our study is the broadest of those developed in the Anda-
lusian population and we have worked with a random

sample, selected via a multistage sampling, representative
of the young population of Andalusia with a total sample
of more than 9,000 subjects.

We should emphasize that, despite the sample size, all
measurements were taken, using precise instruments, by
the same, properly trained examiner. This contributes to
increasing the internal validity of our study. Moreover,
with the aim of avoiding repetitions and other errors, the
data were registered in duplicate on a database which was
revised centrally at intervals of less than a week.
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Figure 5
The 3, 5, 50, 85, 95 and 97 percentile curves for women's
BMI.

It is worth mentioning the scarcity of non-participation.
In the first place, the fact that no school (public or private)
refused to take part is a relevant fact and denotes the level
of collaboration of schools in terms of health issues. In
the second place, the fact that no parents refused to allow
their children to participate could be because they do not
perceive the collection of data as offensive or harmful for
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Figure 6
The 3, 5, 50, 85, 95 and 97 percentile curves for men's BMI.
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their children; or this could mean that schools failed to
inform them about the process. Nevertheless, no centre
has contacted us since to communicate any complaints
from parents. We think that the children's almost anecdo-
tal refusal to be measured is the result of keeping them
continuously informed about the process and the care
with which data were collected. Privacy and anonymity
during measurements were especially important, because
although it was more time-consuming, it increased pupils'
confidence. A small group of pupils (0.6%), most of them
female, had some objections about their being measured,
but in the end they agreed to participate. In the majority
of these cases the origin of the problem was that they were
overweight. This suggests that we avoided a skewness that
could have produced if we had not been able to collect
such data. Moreover, we are convinced that if these sub-
jects had refused, they would have also encouraged others
to do the same, in case of a lack of ideal conditions of pri-
vacy and anonymity. We believe that an immediate con-
sequence of such a high level of collaboration on the part
of schools, parents and pupils shows that if projects are
well designed with adequate precaution, education cen-
tres can be places for obtaining samples of sufficient qual-
ity to substitute simple random samples based on census,
thus saving resources.

It was necessary to substitute 327 of the selected pupils
because they were absent from school when data were col-
lected. This figure represents 3.7% of the pupils in the
final sample, which is a low number, so it is not useful as
an estimation of absenteeism on sampling days. There are
several facts that contribute to such a low level of absence.
As mentioned earlier, data were collected in weeks with-
out foreseeable events (there were no bank holidays, local
holidays or general exams, etc) and, in general, data were
not collected on Mondays (the day of the week with the
highest rate of school absenteeism) because this was the
day used for travelling to the centres. Another reason is
actual dynamics of the data collection process whereby a
list of the pupils selected for the sample was given to the
teacher in advance so they could inform them. This way,
we discovered that the most work-inclined teachers could
be causing an indirect skewness on the sample by not
"remembering" that they had substituted pupils who were
not present. This last skewness was not detected until the
study was well underway so it could not be corrected and,
although it could not have been great, it led us to carry out
an analysis of the "robustness" of the results to this skew-
ness, as mentioned in the statistical method section.

In summary, with regards to the sample of 3 to 18 year
olds, we had a larger sample than anticipated in relation
to the young Andalusian population. The non-participa-
tion rate among the subjects selected was very low as was
the level of non-participation due to absence, although it
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was not possible to calculate it with precision, we have
been able to check that the results are sufficiently robust
in the face of this potential skewness.

In the sample of the young population between the ages
of 18 and 23, despite the lower quality of the statistical
parameters estimation in the population of origin, it was
assumed that the great variance in the parameters meas-
ured in this group of population would ensure a represen-
tation of extreme values, even though the sample was not
random. Moreover, this type of sampling is not unusual in
studies similar to this one; Van Buuren [23] explains a
similar way of broadening the sample size beyond the age
of 17 in these cases, although with an extremely high rate
of non-participation.

In the sensitivity analysis of the final model, we were able
to confirm that the tables obtained are fairly robust
against significant fluctuations and skewness. So much so
that even assuming that 10% of the subjects had not been
measured and that all of them were below the median, the
percentile 3 would not have differed by more than half a
centimetre. Differences of similar importance could have
also occurred in the rest of the parameters analysed, as was
shown in the results section.

When we compare our results with those of other authors
of contemporary Spanish projects, it is observed that in
terms of height there is very little difference in the percen-
tile 50. Mean height in these studies (Bilbao, Enkid,
Zaragoza and Barcelona) for men ranges from 176.3 to
177.7 cm, with our study being 176.7 cm. Women's
height ranges from 162.1 to 165 cm while that of our
study was 163.7 cm. Nevertheless, during growth in inter-
mediary age groups there are important differences which
are probably related to growth during puberty ('Proyecto
Crece' ['Grow Project'], unpublished data). In terms of
weight and BMI, the distribution is distanced from nor-
mality with a curve deviation towards the high percentiles
above the median. This situation is also reflected in the
Spanish studies given the increasing prevalence of weight
problems in our population. These data, although reflect-
ing the situation of the population, cannot be considered
as a reference for our children because they represent an
overweight population. To this end, we should use as a
reference the patterns that take into account overweight or
obesity cut-offs in adults (25 kg/m2and 30 kg/m2). Cole's
study [24] was performed using samples from six coun-
tries and almost 100,000 subjects of each sex aged
between 0 and 25. The objective was to establish the cut-
offs for each age, based on the percentiles where the values
of 25 kg/m?2 (for overweight) and 30 kg/m? (for obesity)
were situated at the age of 18. Other studies have com-
pared the use of cut-offs with percentiles 85 and 97 for
each ages group [25], without revealing any difference in

http://www.biomedcentral.com/1472-6823/8/S1/S1

prevalence for overweight, unlike the case of obesity cal-
culation. When we used the cut-off values established by
Cole as a diagnostic criterion, the women in our study
increased the ponderal excess (overweight plus obesity)
from the age of 4 (25.1%) to 9 (40%) falling to 15.7% at
the age of 18. The maximum overweight was 27.4% for
10,5-year olds, while that of obesity was 14.5% for 7-year
olds. At 18, the corresponding indexes were 13.4% and
2.3% respectively.

Comparing to Cole's cut off values as well, the males in
our study increase their ponderal excess (overweight plus
obesity) from the age of 4 (19.3%) to 9 (38.8%) falling to
28.4% at the age of 18. The maximum level of overweight
was 26.8% at the age of 12, while that of obesity 14% at
the age of 8. At 18, the corresponding indexes were 22.6%
and 5.9% respectively.

Our data coincide with a study on the prevalence of obes-
ity in Spain carried out by the Spanish Society for the
Study of Obesity (Sociedad Espafiola para el Estudio de la
Obesidad/SEEDO), which analysed several studies all
over Spain, and quantified the ponderal excess in men at
29.5% and women at 19.1% [26]. The difference in sexes
appears in all the studies, with women showing lower
ponderal excess than men, probably due to their greater
concern for their physical appearance at these ages.

The differences found as compared to other Spanish stud-
ies are mostly methodological. This is the broadest and
most extended transversal study, based completely on a
random sampling process, except for the adjustments
applied to very small populations. Therefore, in our opin-
ion, it is the most representative one in terms of the pop-
ulation studied (about 8 million inhabitants).

Limitations mostly affect the sample of 18 to 23 year olds,
which only took place in two cities and only included uni-
versity population. Taking into account that this method
is used by other authors and this is the only really accessi-
ble population, we should also consider that there are
unpublished data from a study in Cordoba, where the
average height of male university students exceeded the
non-university population by 1.8 cm and that of women
by 0.9 cm; both in a significant way (unpublished data).

After this study, we are still lacking reference standards for
the Andalusian infant population under 3. This stage of
life is particularly important given the vulnerability of the
health of infants and young children. Therefore, an ade-
quate assessment of growth in height and weight are indi-
cators of their health status, and even the socio-economic
development of the communities they live in.
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Similarities among various Spanish studies carried out in
this century using similar methodology suggest that we
should probably integrate them all into a single national
reference pattern and combine them so as to create Span-
ish reference tables, like the UK90 tables created in the
United Kingdom [4].
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